Objective To investigate delays in the presentation to hospital and evaluation of patients with suspected stroke.
Introduction
Stroke is a leading cause of death and long term disability and is associated with high costs. 1 2 Recent studies show that thrombolysis is an effective treatment in selected patients but needs to be undertaken within three hours and no later than six hours from the onset of symptoms. [3] [4] [5] [6] Most guidelines emphasise the rapid assessment of patients with suspected stroke, 7 but this is not the case for most patients. [8] [9] [10] Studies in the United States have shown that underutilisation of emergency medical services and delays in hospital assessment are important impediments to thrombolysis, [11] [12] [13] [14] [15] [16] [17] [18] [19] which can be modified readily to improve the care of stroke. [11] [12] [13] The uptake of thrombolysis has been more cautious in the United Kingdom than it has in North America and western Europe for two reasons. 20 21 Firstly, because meta-analysis of studies does not support the widespread use of thrombolytic therapy in the routine practice of stroke management in that benefit is marginal and mortality may be increased, 5 and secondly, because of the perception that most patients present too late to be eligible for treatment. 22 23 Factors associated with the late presentation of stroke have been investigated in single centre studies in Britain, 23 24 but the results may not be generalisable, and findings of large studies in the United States and Europe may not be applicable because of differences in healthcare systems. We aimed to investigate delays in the presentation to hospital and evaluation of patients with stroke in the United Kingdom and to identify measures that could improve their early management.
Participants and methods

Setting and patients
The study was conducted in 11 teaching hospitals and 11 district general hospitals in the United Kingdom and Dublin. Six teaching hospitals and five general district hospitals had a stroke unit. Thrombolysis was offered routinely at one hospital and as part of research at three hospitals.
Consecutive patients with signs or symptoms suggestive of an acute stroke were included over a specified four week period. Most patients presented to an emergency department, but when hospitals lacked such a service patients were seen in acute assessment units. Patients who were already admitted to hospital at the time of onset of stroke symptoms were excluded. Investigators were limited to a maximum enrolment of 40 patients at each site to maximise geographical diversity.
Data collection
Data at each hospital were collected by independent observers who were given formal training and standardised instructions on definitions and data collection techniques. The observers were alerted by triage staff on arrival of a patient with suspected stroke, regardless of time of day. They monitored patient management for the first three hours after arrival by using a structured format of prespecified variables considered to be important in stroke management. Clinical staff were not aware of the purpose of data collection or of the specific variables being monitored.
Time from onset of symptoms and time of arrival at hospital were recorded. The onset of stroke was defined as the time neurological deficit was first noticed by the patient or an observer. If symptoms were present on awakening, the onset of stroke was considered to be the time the patient fell asleep. For patients in whom time of onset was not documented, midnight on the day of onset was considered the onset time. The timing of various assessments and investigations (including computed tomography) after arrival at hospital was recorded. Delay to evaluation by a senior doctor was defined as the interval between the arrival time and evaluation by a doctor (senior house officer or a higher grade doctor on the admitting medical team) empowered to take decisions on specialist investigations and management. Information on the modes of referral was collected. These were classified as a 999 ambulance call by the patient or a relative (emergency services), a non-emergency referral by a general practitioner, a 999 ambulance call by a general practitioner (general practitioner plus 999), or other methods including arrival on own or by public transport.
Statistical analyses
All data were scrutinised at a local level and verified against source records for completeness and accuracy. Data for individual centres were anonymised before analysis to ensure confidentiality and to prevent bias. Analysis was undertaken on an intention to treat basis and included all patients irrespective of final diagnosis. Median values with interquartile range were reported because of the skewed distribution of data.
Two principal sets of time intervals were of major interest; time from onset of signs or symptoms of stroke to arrival at hospital and time from arrival at hospital to evaluation by a senior doctor. Logistic regression models were constructed to evaluate the effect of patient characteristics, time of onset, mode of referral, and hospital characteristics on the likelihood of delay in arrival after the onset of stroke. A similar model was constructed for delays in evaluation by a senior doctor. Patients with missing data for any of the variables were excluded from the analyses. We conducted a forward stepwise logistic regression model at a significance level of 0.2 for variable entry into the model. We presented the results of this analysis as odds ratios with 95% confidence intervals.
Results
Patient characteristics
Overall, 739 patients were studied. The median age of patients was 75 years, with the largest proportion of patients being between 65 and 85 years (table 1). Time of onset for most of the patients with suspected stroke (62%) was between 6 am and 6 pm. The time could not be accurately determined for patients who had a stroke during sleep; the definition for onset in these patients was probably responsible for the relatively high proportion of strokes reported between 6 pm and midnight and the relatively low proportion reported between midnight and 6 am. The most common type of stroke was ischaemic, accounting for 505 of the 565 (89%) patients with stroke in the sample. Acute stroke was not the final diagnosis in nearly one in five patients suspected with a stroke on presentation (table 1) . Diagnoses in these patients ranged from old stroke with an acute infective or metabolic disturbance to other neurological disease (for example, acute confusion states, space occupying lesions) and non-neurological disorders (for example, infections, metabolic or metastatic disease). No significant differences were found between hospitals for patient characteristics, time of onset of symptoms, time of presentation, and the final diagnosis.
Presentation to hospital
Most patients (95%) arrived at the hospital between 6 am and midnight, regardless of the time of onset of symptoms or mode of referral (table 1). The median delay between onset of symptoms and arrival at the hospital was six hours (interquartile range 1 hour 48 minutes to 19 hours 12 minutes). More than a third of the patients had arrived at hospital within three hours and nearly half within six hours of the onset of symptoms (table 2) . No differences were found in the delay from onset of symptoms to arrival at hospital between patients with a final diagnosis of stroke or transient ischaemic attack from those with other diagnoses. The proportion of patients in different age groups did not vary significantly within different time intervals suggesting that older (>75 years) patients were as likely to present to hospital early as younger patients. Overall, 43% (320 patients) of patients were brought by ambulance to the hospital after a 999 call to the emergency services by the patient or a relative (table 1) . A similar proportion (45%) of patients consulted their general practitioner and were referred to hospital as non-urgent admissions. Overall, 81% (56 of 69) of the patients who arrived at hospital within an hour of the onset of symptoms were brought in by the emergency services compared with 7% (5 of 69) who first saw their general practitioner (figure). The median time between the onset of stroke and arrival at hospital for patients using the emergency service was 2 hours and 3 minutes (47 minutes to 7 hours and 12 minutes), which was significantly less than the 7 hours and 12 minutes (2 hours 5 minutes to 20 hours 37 minutes) for patients who first saw their general practitioner (P < 0.0001).
General practitioners used the emergency services for only 36 (5%) patients, in whom the median delay between onset of symptoms and presentation was 3 hours 47 minutes (2 hours 33 minutes to 6 hours 54 minutes). Factors associated with delays greater than 6 hours between onset of symptoms and arrival at hospital were time of onset between midnight and 6 am (odds ratio 1.22, 95% confidence interval 1.04 to 1.45) and admission to a teaching hospital (1.09, 1.01 to 1.54). Emergency services requested by the patient or a relative were associated with a significantly shorter delay to admission (0.45, 0.23 to 0.61). Delays in presentation were not affected by age, sex, final diagnosis of ischaemic stroke, or the existence of a stroke unit.
Early assessment in hospital
A nurse recorded heart rate, blood pressure, temperature, and glucose concentrations in 634 (86%) patients within 15 minutes of arrival at hospital and in 688 (93%) patients within 30 minutes of arrival. In contrast, only 163 of 736 (22%) patients were seen within 15 minutes of arrival by a doctor from an emergency or assessment unit and 284 (38%) within 30 minutes of arrival (table 2) . Evaluation by a senior doctor from the admitting medical team was undertaken in 477 (65%) patients within 3 hours of arrival at hospital. Of these patients, 26 (5%) were seen by a consultant, 115 (24%) by a specialist registrar, and 336 (70%) by a senior house officer. Computed tomography within 3 hours of arrival was requested in 166 (22%) patients but was undertaken in only 60 (8%). The interval between presentation to hospital and assessment by a senior doctor was not influenced by the age or sex of the patient, time of presentation, final stroke diagnosis, mode of referral, initial assessment by a doctor, academic status of hospital, or the presence of a stroke unit.
Discussion
Around 37% of patients with suspected stroke present to hospital within three hours of the onset of symptoms and 50% within six hours of the onset of symptoms, similar to that reported in US studies. [8] [9] [10] [11] [12] [13] [14] Therefore thrombolysis may be a realistic option in the United Kingdom. In keeping with US reports, early presentation was not influenced by age or sex but was significantly reduced by activating emergency services.
11 13 14 Although teaching hospitals were associated with greater delays in presentation, this may reflect their location within an inner city and associated factors of education, social deprivation, and traffic congestion.
The study identified considerable delays in assessment of patients after arrival at hospital. Some of the delays in assessment may have resulted from the knowledge that the patient was stable after assessment by nursing staff (hence low priority) and compounded by the absence of established protocols for intervention for acute stroke in most hospitals. These factors (15) 46-60 min 82 (11) 61-120 min 151 (20) 121-179 min 50 (7) >180 min 56 ( Number of patients arriving within each time interval by mode of referral may also be responsible for the low rate of early computed tomography; scanning was requested in less than a quarter of patients and undertaken in less than 10% within three hours of arrival. The existence of a stroke unit did not result in more patients being assessed early or the uptake of more computed tomography. However, all the hospitals had stroke specialists and probably provided better stroke services than the UK average. The study is representative because it covered geographically diverse areas and included unselected patients with suspected stroke. The distribution of age and sex of patients was consistent with stroke registry data from other sources, suggesting that sampling was not biased. 25 Clinical staff were not informed of the objectives or measures of the study, and independent assessors were used to reduce observer bias. Although the potential for measurement bias in time of onset of symptoms existed, this was unlikely to be significant because of the consistency of results between hospitals and comparability with previous studies. [8] [9] [10] [11] [12] [13] [14] The study was designed to be simple for accuracy and reliability, and data were not collected on education specific to stroke in patients, family members, or healthcare professionals. These factors are likely to influence both the time to presentation to hospital as well as delays in assessment at hospital.
The study highlights the needs of service development to improve the management of acute stroke. Efforts should be made at all levels (patient, ambulance services, general practitioners) to encourage the use of emergency services as the most direct means of reducing delays in getting to hospital and increasing the number of patients eligible for therapies. That nearly one in five patients with suspected stroke have non-stroke diagnoses emphasises the importance of early evaluation by a specialist and early involvement of specialist stroke services. Most importantly, the perception that delays in presentation prevent early specialist management of stroke in the United Kingdom is not justified, and there is a good case for bringing stroke practice in line with other developed countries. 26 
